###### Strengths and limitations of this study

-   We have developed a novel, interactive e-learning resource about preterm birth and its impact on children's development and learning for use by education professionals.

-   This e-learning resource significantly improves education professionals' knowledge of the consequences of preterm birth and their confidence in supporting the learning of children born preterm.

-   The utility of the e-learning resource was evaluated extremely positively by education professionals.

-   The e-learning resource is available for use non-commercially at [www.pretermbirth.info](www.pretermbirth.info).

-   Further research is needed to determine whether use of the e-learning resource contributes to improved educational outcomes for children born preterm.

Introduction {#s1}
============

Preterm birth places children at increased risk for a range of developmental problems and disorders later in life. The most common adverse outcomes are intellectual impairments, deficits in working memory, visuospatial skills, processing speed and executive functions, and attention, social and emotional problems.[@R1] As these difficulties can have a profound effect on a child's performance at school, it is unsurprising that children born preterm are at increased risk for special educational needs (SEN) and poorer academic attainment compared with their term born peers.[@R4] This disadvantage persists throughout the lifespan with fewer preterm-born adults having completed high school and undertaken higher education.[@R7] The well documented dose--response effect of gestation means that the more preterm a baby is born the greater the risk of difficulties later in life. However, poor educational outcomes are not confined just to those born very preterm (\<32 weeks' gestation), as evidenced by an increased risk for SEN and lower academic attainment among children born just a few weeks early.[@R4]

Knowledge and preparation about chronic health conditions is considered crucial for appropriate educational management,[@R11] and teachers need to feel confident in how to support children with SEN to be able to meet their needs in the classroom.[@R13] However, education professionals receive very little training about the impact of preterm birth on children's development and learning and have poor knowledge of how to support preterm-born children in the classroom.[@R14] In a recent national survey, only 16% of teachers had received any training about preterm birth and over 90% expressed the need for training.[@R14] As teachers have primary responsibility for supporting the learning and development of preterm-born children in the long term, this represents a significant public health concern.

In order to address this unmet need, we have developed an e-learning resource for education professionals to provide information about preterm birth and practical strategies that can be used to support children who have the cognitive, learning and social-emotional difficulties most frequently associated with preterm birth. The aim of the present study was to evaluate the efficacy of this resource in improving teachers' knowledge of the consequences of preterm birth and their confidence in supporting the learning of children born preterm.

Methods {#s2}
=======

Participants {#s2a}
------------

The head teachers of eight primary, infant or junior schools in Nottinghamshire and Derbyshire in England agreed to allow their staff to be invited to take part in the study. Head teachers handed out study information packs and written informed consent was obtained for all staff who participated in the study.

Procedure {#s2b}
---------

After providing consent, participants were requested to setup a personal account on an open-source learning platform in order to complete study questionnaires and access the e-learning resource. Participants were then asked to log in to their account to complete a pre-resource use questionnaire, after which they were provided with access to the e-learning resource. Once participants indicated that they had finished using the resource, or following a reminder sent after 30 days, participants were able to access and complete the post-resource use questionnaire, also via the online platform. For six participants who experienced technical difficulties using the online platform, the same data were collected using JISC online surveys ([www.jisc.ac.uk](www.jisc.ac.uk)) and access to the resource was provided via weblinks in an email. After completing the post-resource questionnaire, teachers received certificates to confirm their participation in the study.

Preterm birth e-learning resource {#s2c}
---------------------------------

An interactive e-learning resource was developed which comprised five discrete reusable learning objects (RLOs). RLOs comprise a mixture of multimedia elements including audio, video, animation, text, images, case studies and quizzes designed to engage the user in active learning and allowing individuals to set their own pace of learning.[@R15] RLOs have received positive evaluation by users worldwide[@R16] and have been shown to be effective in increasing learning, self-confidence and skills in a range of health and education disciplines.[@R17] The RLOs comprise evidence-based information about outcomes of preterm birth and strategies education professionals can use to support learning for children with the cognitive, mathematics and social--emotional difficulties most commonly associated with preterm birth (online [supplementary appendix table S1](#SP1){ref-type="supplementary-material"}). The focus of each of the RLOs is as follows:
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RLO 1: What is preterm birth?

RLO 2: Educational outcomes following preterm birth.

RLO 3: Cognitive and motor development following preterm birth.

RLO 4: Behavioural, social and emotional outcomes following preterm birth.

RLO 5: How can education professionals support children born preterm?

The resource represents \~1 hour of learning activity and is freely available for use at [www.pretermbirth.info.](www.pretermbirth.info.)

Patient and public involvement {#s2d}
------------------------------

The e-learning resource was developed using a participatory methodology in which 26 key stakeholders codesigned the RLOs. Stakeholders comprised teachers, teaching assistants, educational psychologists, parents of children or young adults born preterm, and young adults themselves born preterm. These stakeholders attended a workshop during which they developed storyboards to guide the content and design of the resource. These were subsequently distilled into written content specifications that were reviewed by experts in the field for accuracy and content and then used to produce the resource. Prototype versions of the RLOs were reviewed by two teachers who provided feedback that was incorporated into the final version of the resource. Study results have been disseminated to participants via a newsletter and stakeholders have received email updates on the development of the resource.

Measures {#s2e}
--------

To assess knowledge of the outcomes of prematurity pre-resource and post-resource use, participants completed the Preterm Birth Knowledge Scale (PB-KS),[@R20] a validated scale comprising 33 statements for which participants indicate whether the statement is 'true', 'false' or 'don't know'. Each statement is scored for accuracy (correct=1; incorrect/don't know=0) and a total PB-KS score (range 0--33) is computed; higher scores indicate greater knowledge. The PB-KS has excellent internal consistency in samples of health professionals (Cronbach's α=0.82)[@R20] and teaching staff (Cronbach's α=0.81),[@R14] and construct validity in discriminating the knowledge levels of neonatal clinicians and teachers.[@R14]

To assess confidence in supporting the learning of preterm-born children pre-resource and post-resource use, participants indicated the extent to which they agreed with four statements using a 5-point Likert scale (strongly agree; agree; neither agree nor disagree; disagree; strongly disagree; online [supplementary appendix table S2](#SP1){ref-type="supplementary-material"}). After using the resource, participants were also asked to rate how strongly they agreed with 10 statements about the utility of the resource using the same 5-point scale (online [supplementary appendix table S3](#SP1){ref-type="supplementary-material"}).

In order to describe the sample, basic demographic information relating to gender, professional roles and the number of years spent teaching were collected in the pre-resource questionnaire.

Statistical analysis {#s2f}
--------------------

Data were analysed using SPSS V.24.0. Total PB-KS scores were computed and change in median PB-KS score pre-resource versus post-resource use was compared using the Wilcoxon signed-rank test as data were not normally distributed. For items assessing confidence, responses were dichotomised (strongly agree/agree vs. neither agree nor disagree/disagree/strongly disagree) and the proportion of participants agreeing with each statement was compared pre-resource versus post-resource use using the McNemar test. A post-hoc power analysis confirmed that the final sample (n=61) was sufficient to detect a difference of at least 3 units (SD=7) in the PB-KS score pre-resource versus post-resource use with a power of 90% at the 0.05 significance level.

Results {#s3}
=======

Sample characteristics {#s3a}
----------------------

Of 120 teachers who consented to take part, 71 completed the pre-resource questionnaire. Of these, 61 accessed the e-learning resource and completed the post-resource questionnaire. The final sample thus comprised 61 participants. Basic demographic characteristics are shown in [table 1](#T1){ref-type="table"}. Fifty-five (90%) participants were female and half the sample (52%) were Key Stage 2 teachers of children aged 7--11 years; the remaining half split equally between Foundation Stage and Key Stage 1 teachers. Almost half were class teachers (48%) and there was representation from all key professional roles including teaching assistants, head teachers and SEN coordinators. The majority (85%) reported that they had previously received information about preterm birth.

###### 

Characteristics of study participants (n=61)

  Characteristic                                                               n (%)
  ---------------------------------------------------------------------------- ---------
  Gender, n (%)                                                                
   Male                                                                        6 (10)
   Female                                                                      55 (90)
  Professional roles, n (%)\*                                                  
   Classroom teacher                                                           29 (48)
   Teaching assistant or higher level teaching assistant                       24 (39)
   Special educational needs coordinator                                       4 (6.6)
   Head teacher                                                                4 (6.6)
   Deputy or assistant head teacher                                            9 (15)
   Other                                                                       6 (9.8)
  No of years teaching, n (%)                                                  
   1--5                                                                        11 (18)
   6--10                                                                       12 (20)
   11--15                                                                      7 (12)
   16--20                                                                      13 (21)
   21--25                                                                      10 (16)
   26--30                                                                      5 (8.2)
   ≥31                                                                         3 (4.9)
  Age of children taught in main role, n (%)\*\*                               
   Foundation stage (reception year; ages 4--5)                                13 (24)
   Key stage 1 (years 1 and 2; ages 5--7)                                      13 (24)
   Key stage 2 (years 3 to 6; ages 7--11)                                      28 (52)
  Previously received information during training about preterm birth, n (%)   
   Yes                                                                         52 (85)
   No                                                                          5 (8.2)
   Not sure                                                                    4 (6.6)
  Experience of children born preterm in close family or friends, n (%)        
   Yes                                                                         35 (57)
   No                                                                          23 (38)
   Not sure                                                                    3 (4.9)
  Experience of working with children born preterm, n (%)                      
   Yes                                                                         11 (18)
   No                                                                          29 (48)
   Not sure                                                                    21 (34)

\*More than one professional role may be selected.

\*\*n= 7 were excluded as they were not classroom teachers.

Knowledge of preterm birth {#s3b}
--------------------------

The median total PB-KS score significantly increased after participants used the e-learning resource: pre-resource median 13 (95% CI 11 to 14; range 0--25); post-resource median 29 (95% CI 28 to 30; range 18--33); p\<0.0001. The mean (SD) PB-KS score pre-resource use was 13 (6.2) and post-resource use was 28 (3.5), equating to a 2.6 SD increase in scores. The accuracy of participants' responses improved after accessing the resource on all 33 PB-KS items, with percent difference in accuracy ranging from 3% to 93% ([table 2](#T2){ref-type="table"}). The greatest improvement in knowledge related to the risk for mathematics difficulties (93%), poor social skills (79%), inattention (74%) and deficits in visuospatial processing (74%) following preterm birth.

###### 

Accuracy of responses on individual Preterm Birth Knowledge Scale (PB-KS) items before and after accessing the e-learning resource

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  PB-KS items                                                                                                                             Preresource\    Postresource\   \% diff postresource preresource use (95% CI)
                                                                                                                                          n (%) correct   n (%) correct   
  --------------------------------------------------------------------------------------------------------------------------------------- --------------- --------------- -----------------------------------------------
  1\. The more premature a baby is born, the more likely he or she will have problems later in life                                       41 (67)         59 (97)         30 (18 to 42)

  2\. Almost all children born very preterm will have cerebral palsy                                                                      51 (84)         60 (98)         15 (5 to 25)

  3\. Even babies who are born just 1 or 2 weeks early may have special educational needs                                                 25 (41)         50 (82)         41 (29 to 57)

  4\. Children born very preterm will catch-up with their peers by the end of primary school                                              21 (34)         61 (100)        66 (54 to 77)

  5\. 20% of all children born very preterm will be blind or deaf                                                                         14 (23)         49 (80)         57 (47 to 72)

  6\. Children born very preterm are at higher risk for attention deficit/hyperactivity disorder) than children who were born at term     10 (16)         51 (84)         67 (58 to 80)

  7\. Even children born very preterm without obvious disabilities may have learning difficulties and poor performance at school          35 (57)         58 (95)         38 (25 to 51)

  8\. Children born very preterm are likely to be inattentive and withdrawn                                                               9 (15)          54 (89)         74 (65 to 86)

  9\. Children born very preterm will catch-up with their peers by the end of secondary school                                            15 (25)         58 (95)         70 (60 to 83)

  10\. Only a small proportion of children born very preterm will have severe disabilities later in life                                  25 (41)         54 (89)         48 (35 to 62)

  11\. Children born very preterm who have learning difficulties may not be noticed as they tend not to disrupt the classroom             12 (20)         51 (84)         64 (54 to 78)

  12\. Children born very preterm have similar levels of academic attainment to their peers born at term                                  28 (46)         56 (92)         46 (33 to 60)

  13\. 20% of children born very preterm are likely to have autism spectrum disorders                                                     9 (15)          41 (67)         52 (44 to 67)

  14\. Children born very preterm are likely to be hyperactive and disruptive in the classroom                                            26 (43)         51 (84)         41 (29 to 56)

  15\. Every child born very preterm will have some degree of learning difficulties                                                       31 (51)         41 (67)         16 (4 to 34)

  16\. Almost all children born very preterm are likely to have breathing difficulties and need an inhaler throughout childhood           21 (34)         44 (72)         38 (26 to 54)

  17\. Children born very preterm have poorer performance in all national curriculum subjects compared with children born at term         17 (28)         45 (74)         46 (35 to 62)

  18\. Children born very preterm tend to have poorer social skills than children born at term                                            9 (15)          57 (93)         79 (70 to 90)

  19\. Children born very preterm have similar IQ scores to their peers born at term                                                      19 (31)         54 (89)         66 (54 to 77)

  20\. Almost all children born very preterm are likely to need one-to-one support in the classroom                                       39 (64)         51 (84)         20 (8 to 35)

  21\. Children born very preterm are more likely to have behavioural and emotional problems than children who were born at term          16 (26)         43 (70)         44 (33 to 60)

  22\. All children born very preterm have similar sorts of problems at school                                                            43 (70)         47 (77)         7 (--5, 22)^ns^

  23\. Working memory is likely to be a particular area of difficulty for children born very preterm                                      27 (44)         60 (98)         54 (42 to 67)

  24\. Children born very preterm find it hard to sustain their attention in the classroom                                                18 (30)         55 (90)         61 (49 to 74)

  25\. Children born very preterm tend to be aggressive and get involved in fights in the playground                                      38 (62)         57 (93)         31 (19 to 45)

  26\. Children born very preterm are more likely to have problems with eye--hand coordination than their peers born at term              16 (26)         61 (100)        74 (63 to 85)

  27\. Most children born very preterm will experience developmental delays as a baby or toddler                                          3 (5)           5 (8)           3 (--2, 12)^ns^

  28\. Of all the subjects they study at school, children born very preterm are likely to have the greatest difficulties in mathematics   4 (7)           61 (100)        93 (87 to 100)

  29\. Only a small proportion of children born very preterm need oxygen during childhood to help them breathe                            24 (39)         48 (79)         39 (27 to 55)

  30\. Some children born very preterm will have no problems later in life                                                                47 (77)         53 (87)         10 (--1, 23)^ns^

  31\. Of all the subjects they study at school, children born very preterm are likely to have the greatest difficulties in reading       16 (26)         60 (98)         72 (61 to 84)

  32\. Almost all children born very preterm who attend mainstream school will have an education and healthcare plan                      43 (70)         54 (89)         18 (7 to 32)

  33\. Most school age children born very preterm will need help with daily activities, such as eating and using the toilet               42 (69)         59 (97)         28 (16 to 40)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IQ, intelligence quotient; ns, non-significant difference at 5%.

Confidence in supporting children born preterm {#s3c}
----------------------------------------------

Participants' confidence in supporting the learning of children born preterm also increased significantly after accessing the e-learning resource ([figure 1](#F1){ref-type="fig"}). Overall, 54 (89%) participants felt adequately equipped to support the learning of children born preterm after using the resource compared with just 8 (13%) before (% difference (95% CI): 75 (67 to 87); p\<0.0001), and 93% felt confident in supporting preterm-born children after using the resource compared with 23% before (70 (60 to 83); p\<0.0001). After using the resource, 42 (69%) felt they had received sufficient training about preterm birth compared with none prior to using the resource (69 (69 to 80)), and 50 (82%) reported that they would consider prematurity when encountering a child who struggles at school compared with 14 (23%) prior to using the resource (59 (48 to 73); p\<0.0001).

![Proportion of participants who agreed with statements about confidence in supporting the learning of children born preterm before and after using the e-learning resource (n=61). Error bars represent 95% CIs.](bmjopen-2019-029720f01){#F1}

Utility of the e-learning resource {#s3d}
----------------------------------

The resource was evaluated positively by participants ([figure 2](#F2){ref-type="fig"}). Between 92% and 100% of participants felt that the resource was interesting, enjoyable, easy to use and pitched at the right level, the learning objectives were clear, and the multimedia elements added to their learning over written information. Additionally, participants felt the commentaries and case studies were engaging (80%) and that the quizzes were valuable in showing what they had learnt (88%). Overall, 97% reported that they would recommend the resource to others.

![Proportion of participants who agreed with each of 10 statements about the utility of the e-learning resource (n=61).](bmjopen-2019-029720f02){#F2}

Discussion {#s4}
==========

This interactive e-learning resource significantly improved education professionals' knowledge of the impact of preterm birth on children's development and learning and their confidence in supporting preterm-born children in the classroom. After using the resource there was a 2.6 SD increase in the mean PB-KS score, a difference that would be considered highly clinically significant. Using the PB-KS, the results of a previous national survey showed that education professionals' areas of poorest knowledge related to the most frequent adverse outcomes after preterm birth, namely mathematics difficulties, social difficulties and inattention, suggesting that preterm-born children may not be receiving appropriate support in the areas they need it the most.[@R14] Importantly, we found that the greatest improvement in knowledge was in these areas, resulting in improved understanding of the risk for mathematics difficulties, poor social skills and inattention among children born preterm. This is particularly important since preterm children are part of a growing generation of children at risk for complex learning difficulties who present with profiles of learning need not previously experienced by schools.[@R21] In particular, the special constellation of difficulties associated with preterm birth means that their problems may not be as readily detected in the classroom in the same way as in previous generations of children with SEN.[@R22] As routine neonatal follow-up in the UK is recommended only to 2 years of age for children born \<30 weeks' gestation (or 32--36 weeks' gestation with additional risk factors), or to 4 years for babies born \<28 weeks,[@R24] it is increasingly the role of teachers to identify those with difficulties and initiate support. Training for education professionals, such as provided by this e-learning resource, is therefore paramount.

Not only did the e-learning resource improve education professionals' knowledge and confidence, but its utility was rated extremely positively with 97% of participants agreeing that they would recommended it to others. Research relating to attention deficit/hyperactivity disorder and educational interventions has shown that identifying children with difficulties in the absence of providing teachers with strategies to support those children may lead to poor behavioural and academic outcomes due to potentially negative effects of labelling.[@R25] Therefore, crucially, the e-learning resource was designed to include practical strategies that can be used to support the learning of children with the cognitive, mathematics and social--emotional difficulties most commonly associated with preterm birth.

Enhancing the knowledge of education professionals in supporting preterm-born children is of growing significance internationally. The continued increase in preterm birth rates coupled with the ongoing improvement in survival rates for extremely preterm babies[@R26] means that there are increasing numbers of preterm survivors entering societies year on year. This results in greater demands being placed on education systems and their professionals to identify difficulties and provide support for these children in the long term. Even those children without severe disabilities or those born just a few weeks early may go on to have cognitive or social--emotional difficulties that may impact on their learning.[@R27] Despite marked improvements in neonatal care, there is, as yet, no robust evidence that this has translated into improved long-term outcomes, with some authors reporting increasing deficits in academic attainment and executive function over time for children born extremely preterm.[@R29]

Recent national and European guidelines relating to developmental follow-up of preterm infants have recommended greater collaboration and information sharing between health and education services[@R24] and improved training for education professionals about the specific constellation of problems experienced by children born preterm.[@R31] Providing evidence-based information to teachers about health or behavioural conditions is considered to be important for appropriate educational management[@R11] and such interventions provide a potential approach to optimising outcomes for at-risk children with beneficial effects on a population level.[@R32] Given that education professionals currently have limited knowledge in this area and feel ill-equipped to support preterm-born children,[@R14] routine use of this resource by teachers and other education professionals may represent a key step forward in improving outcomes for these children. The e-learning resource has therefore been made available non-commercially to facilitate its use worldwide.

The study may be limited by the recruitment of a sample over-represented in terms of teachers with an existing interest in, and thus potentially greater knowledge of, preterm birth. Indeed, 85% of participants had previously received information about preterm birth compared with just 16% in a UK national survey. However, despite this, the mean PB-KS score pre-resource use in the present study was 13 (SD 6.2) compared with 15 (SD 5.5) in the national survey,[@R14] suggesting that the present sample was representative of education professionals in terms of knowledge of preterm birth. In addition, 90% of our sample were female which is similar to the proportion of female teachers in state-funded primary schools in England (86%).[@R33] Moreover, we had sufficient power to detect a difference of \>3 PB-KS scores, compared with the large 16-point difference observed, and we used a robust repeated measures design, although we did not include a control group who completed outcome assessments but did not use the resource or used an active control. Although knowledge and confidence improved through using the resource, 11% of participants did not feel adequately equipped and 7% not confident in supporting preterm children after using it. It is noteworthy that the resource was only used for a one-off period of up to 30 days for this study. In practice, professionals may use this over a longer period of time, dipping in and out of it as required, and in response to need (eg, identification of a preterm-born child) thus further developing competence and impacting on practice. It is also possible that a process of supported implementation may be beneficial when used in practice. We also note that of the 120 teachers who consented to participate, 61 completed the full study. It is possible that the method used to allow secure data collection and access to the resource may have been too cumbersome or time-consuming and may have discouraged completion of the study. This process was only implemented for this study and is not required to access the resource which is freely available for use online. Although this study included only primary school teachers, in future research we plan to evaluate the utility of the resource in different groups of education professionals, including secondary school teachers and educational psychologists. Finally, we do not know from this study whether improved knowledge and confidence translated into changes in practice in the classroom or in improved outcomes for children born preterm. These questions will be the focus of future investigations.
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